The Wnt pathway and the recently described Xenopus homeobox gene Siamois share the ability to mimic Nieuwkoop organizer signaling activity when ectopically expressed, prompting us to ask whether the Wnt pathway can activate Siamois expression. We show that activators of the Wnt pathway, and the dorsalizing substance LiCl, activate Siamois expression in Xenopus animal caps. Furthermore, Siamois expression is shown to be activated by b-catenin cell-autonomously. Although certain TGF-b family members, such as Vg1, are potent dorsal mesoderm inducers, the TGF-b pathway only weakly activated Siamois. Finally, we demonstrate that Siamois expression is eliminated from the marginal zone of UVirradiated Xenopus embryos, supporting the hypothesis that cortical rotation moves a Wnt-like activity into the dorsal region. These results suggest that formation of the Nieuwkoop organizer is dependent on activation of Siamois by a localized Wnt-like signaling activity, which may act synergistically with a vegetally localized TGF-b signal. ᭧ 1996 Academic Press, Inc.
INTRODUCTION
the Spemann organizer gene goosecoid (gsc) (Cho et al., 1991) , which cannot be activated by the Wnt pathway alone, but is strongly activated by TGF-b signals (Steinbeisser et Specification of the dorsal-ventral axis in Xenopus is a al ., 1993; Watabe et al., 1996) , Siamois is only weakly actimultistep process. The dorsal vegetal cells (the ''Nieuwvated by TGF-b signaling. Finally, we show that Siamois is koop organizer'') are activated as a signaling center, which expressed at high levels in the vegetal region of UV-irradiin turn activates the Spemann organizer at the equator of ated embryos, consistent with the proposal that a Wnt-type the embryo (reviewed in Kimelman et al., 1992) . Since ecdorsalizing activity is moved to the dorsal marginal zone topic Wnt expression mimics the Nieuwkoop signal (Smith by a rotation of the cortex (Fujisue et al., 1993; Holowacz and Harland, 1991; Sokol et al., 1991) , it has been a candi and Elinson, 1995) . date for the factor released from the Nieuwkoop organizer. However, ectopic expression of a dominant-negative mutant of Xgsk-3 (Xgsk-3K r R), which intracellularly acti-
MATERIALS AND METHODS
vates the Wnt pathway (Dominguez et al., 1995; He et al., 1995; Pierce and Kimelman, 1995) , also mimics the Nieuw-
Embryo Manipulations
koop signal (He et al., 1995; Pierce and Kimelman, 1995) , Fertilized Xenopus embryos were obtained and staged as de- suggesting instead that the pathway functions to induce the scribed (Pierce and Kimelman, 1995 The identification of the novel homeobox gene Siamois 10 min. UV-ventralized embryos and animal cap explants were has helped to clarify this issue (Lemaire et al., 1995) . Siaobtained as described (Pierce and Kimelman, 1995) . Embryo dissocimois is expressed in the dorsal vegetal cells and mimics ation experiments were as described (Lemaire and Gurdon, 1994) , the Nieuwkoop organizer by inducing a second axis when except that the vitelline membrane was removed at the 8-cell stage ectopically expressed in vegetal cells (Lemaire et al., 1995) . This finding suggests that the Wnt pathway activates Siamois in the dorsal vegetal cells and that Siamois then con-
RNA Synthesis and RT-PCR Assay
tributes to formation of the Spemann organizer. In support of this hypothesis, we show that Siamois is cell-autono-RNA synthesis was as described (Pierce and Kimelman, 1995) . In all experiments, the total RNA injected was: 0.5 ng b-catenin, mously activated solely by the Wnt pathway. In contrast to (Hemmati-Brivanlou and Melton, 1994) . In some and whole embryos were reaggregated at stage 9 as described cases, the autoradiographs were analyzed by densitometry. (Lemaire and Gurdon, 1994) . As previously shown, dissociation of whole embryos reduced the level of Xbra to background levels (Lemaire and Gurdon, 1994) (Fig. 1C, compare 
RESULTS AND DISCUSSION
lanes 4 and 5). In the same experiment, dissociated animal blastomeres containing ectopic b-catenin expressed SiaWe first tested whether the Wnt signaling pathway could mois (Fig. 1C, lane 2) , demonstrating that b-catenin can induce the expression of Siamois using b-catenin, which is activate Siamois cell-autonomously, although we do not an intracellular activator of the Wnt pathway (Yost et al., rule out an enhancing function of intercellular signaling. 1996, and references therein). As shown in Fig. 1A , b-caGoosecoid is strongly activated in equatorial cells, but is tenin strongly induces Siamois in animal caps, but only not induced in the animal cap by Xwnt-8 (Steinbeisser et weakly induces gsc (Fig. 1A, lane 3) . In comparison, BVg1 al., 1993) or b-catenin ( Fig. 2A, lanes 3 and 4) , indicating (Thomsen and Melton, 1993 ) is a potent activator of gsc, that factors at the vegetal zone, such as Vg1, act synergistibut it only weakly induces Siamois (Fig. 1A, lane 4) . To cally with the Wnt pathway (Moon and Christian, 1992) . ensure that the activation of Siamois was not limited to bThis result has been verified in an elegant analysis of the gsc catenin, we tested two other potential activators of the Wnt promoter (Watabe et al., 1996) . To ask whether the marginal pathway, Xgsk-3K r R and LiCl. Both of these induced Siazone enhances Siamois expression, animal pole or ventral mois, whereas the signaling factor noggin (Smith and Har- marginal zone (VMZ) explants were dissected from embryos land, 1992) did not (Fig. 1B) . Thus, unlike gsc, Siamois is that had b-catenin injected into these regions. As shown in induced by the Wnt pathway and only weakly by the TGF- Fig. 2A , the VMZ was 4-fold more responsive to b-catenin b pathway.
RNA than the animal pole ( Fig. 2A, lanes 3 and 4) . We Since b-catenin and Xgsk-3K r R can induce the formareasoned that the difference between the marginal zone and tion of the dorsal axis non-cell autonomously (He et al., animal pole might be due to TGF-b signals that normally 1995; Pierce and Kimelman, 1995), we asked if b-catenin enhance the expression of Siamois. To test this, a dominantcould autonomously activate Siamois. Embryos were placed in Ca/Mg-free buffer soon after fertilization and then innegative type II TGF-b receptor (ARD) (Hemmati-Brivanlou and Melton, 1992) was injected into the future dorsal mesonizer is dependent on two signals: the Wnt pathway, acting primarily through Siamois, and the TGF-b pathway, providderm at the 4-cell stage, which was marked with the vital dye Nile blue. At the start of gastrulation, the dorsal maring a vegetally localized signal. ginal zone (DMZ) was isolated using the Nile blue mark as an indicator since ARD eliminates the formation of the dorsal lip. This lead to a 6-fold reduction in the levels of Xnr-3; see Smith et al., 1995) represents a class of genes He, X., Saint-Jeannet, J.-P., Woodgett, J. R., Varmus, H. E., and that can be directly activated by the Wnt pathway cell- Dawid, I. (1995) . Glycogen synthase kinase-3 and dorsoventral autonomously. This contrasts with goosecoid, which is not patterning in Xenopus embryos. Nature 374, 617-622. activated by the Wnt pathway alone, but is strongly acti- Hemmati-Brivanlou, A., Kelly, O. G., and Melton, D. A. (1994) , 1996) (Fig. 1A) . We propose that expression of Siamois organizer and displays direct neuralizing activity. Cell 77, 283-depends on a Wnt-like activity, which is moved into the 295. marginal zone by cortical rotation. TGF-b signaling may Hemmati-Brivanlou, A., and Melton, D. A. (1992) . A truncated achave a synergistic role in ensuring that the expression of tivin receptor inhibits mesoderm induction and formation of Siamois is restricted to the vegetal region of the embryo. axial structures in Xenopus embryos. Nature 359, 609-614. Hemmati-Brivanlou, A., and Melton, D. A. (1994) . Inhibition of Our results suggest that the formation of the Spemann orgaCopyright ᭧ 1996 by Academic Press, Inc. All rights of reproduction in any form reserved.
